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A new type of rapid scanning spectrometer was constructed for use in analytical atomic spectroscopy.
The sine-bar and its driving system are disabled and the grating is driven directly by a synchronous motor. The wavelength synchronization is made by counting the photopulses generated by the combination of a small tungsten lamp, a phototransistor and a slotted aluminium disc which is attached to the shaft of the rotating grating.
In an on-line and real-time mode, a variety of measurements can be achieved by a dedicated microcomputer.
The basic analytical performance was evaluated and some applications are demonstrated.
Introduction
In recent years, a variety of computer controlled SSS (Sequential Slew Scanning) spectrometers have become commercially avail able for multielement analysis with ICP (Inductively Coupled Plasma) as the excitation source [1, 2] . Compared to polychromators, they allow line selection at any desired wave length and consequently enable choice of the optimum analytical line for different analytical conditions such as operational conditions of the excitation source and spectral interfer ences.
Owing mainly to the wavelength scanning procedure, however, the analysis time is longer than that of the polychromator as the number of the elements to be deter mined increases. This is an unfavourable Numerous papers have appeared on several spectrometer types using image sensors such as photodiode array [3] , SIT (Silicon Intensified Target) tubes [4] and Vidicon tubes [5] . From the standpoint of simultaneous detection and absolute wavelength correspondence, these spectrometers are preferable. To date, how ever, the sensitivity obtainable by the detectors is less than that of the conventional photomultiplier tubes, particularly at shorter wave *Author to whom correspondence should be sent . In an earlier paper [9] , we described a ten tatively constructed new type of rapid scanning spectrometer without the sine-bar and its driv ing system.
In this paper, we will describe basic performance of this spectrometer for the use in analytical atomic spectroscopy.
Some typical applications to demonstrate the features will also be presented.
Experimental
Apparatus Figure 1 shows the schematic diagram of the rapid scanning spectrometer and electronic circuit constructed for this study. The mono chromator is a modified Hitachi Czerny-Turner type dual monochromator (used in a Hitachi Model 300) with a focal length of 1.2 m, and two gratings of 1200 grooves/mm and a blaze wavelength of 250 nm. The radiation emitted from the lamp passes through the slots and reaches the phototransistor to generate pulses when the aluminium disc revolves. The period of the pulse sequence is 2.7 msec and corre sponds approximately to 10 nm in wavelength. In order generate the pulses to reset the pulse counters, another phototransistor and lamp are placed in front of the aluminium disc. The phototransistor detects the radiation re flected on the disc surface.
On the surface, a dark tape is attached to produce a negative logic pulse.
The wavelength synchronization is made by the electronic circuit in conjunction with the microcomputer, as follows. The pulses from the phototransistor are counted by two BCD counters (SN4160) to give the upper two digits of 10 and 100 nm. In order to give the lower two digits of 0.1 and 1 nm, clock pulses are pro duced by an oscillator consisting of two NAND gates (SN7400) and a quartz crystal. The clock pulses are converted into 27 psec pulses (0.1 nm) by decade and divide-by-five counters (SN7490), and subsequently counted by the other two BCD counters (SN74160) to give the digits of 0.1 and 1 nm. At the beginning of every rotation of the grating, the reset pulse clears all of the pulse counters.
The radiation emitted from the light source is diffracted by the rotating grating and con sequently the wavelength of the monochromatic radiation emerging from the exit slit is chang ing continually.
Thus, a spectrum is obtain able instantaneously.
After the conversion of photocurrent to voltage, the signals are passed to the sample and hold circuit. The analogue switch (C-MOS4051) is controlled to open and close to sample and hold the signal associated with the desired wavelength as described be low. At the moment when all of the digits for O.1, 1, 10 and 100 nm agree between both sides of the input terminals of the comparators, a sampling pulse is generated.
The pulse is passed to the sample and hold circuit and closes the analogue switch to integrate the signal associated with the desired wavelength. Subsequently, the sampling pulse opens again the analogue switch to hold the accumulated signal. The sampling time, which determines the wavelength window, is regulated by the monostable multivibrator (SN74121) and can be changed optionally.
With appropriate program, the microcomput er can present the reference BCD wavelength information in various modes. Thereby, the spectral intensity at any desired wavelength can be measured either intermittently or suc cessively. If the sampling pulses are generated successively or neighbour-to-neighbour wave length, an entire spectrum can be obtained. With a 360 rotation of the grating, spectra of all diffraction orders from the zero to nth are measurable, where n is the natural number.
The sampled and integrated signal is passed to the 12 bit A/D converter (Analog Device A/D 574KD) and to the cpu through the I/O interface.
It is then processed and/or stored in the memory bank. In order to extend the dynamic range of the A/D and S/H, autorang ing of the photomultiplier tube preaplifier is employed. The preamplifier gain is switched by the cpu through the FET (2SJ74) which is located in the feedback circuit of the pre amplifier. information in the comparator, to control the sample and hold circuit, to start the A/D converter and to acquire the digital data. The BASIC program involves initializing, a loop for real-time processing and a section for post processing.
In initializing, such parameters as the number of the elements to be measured, the data acquisition mode, the wavelengths, the number of times of integration, etc. are set. Information setting the preamplifier gain is also acquired in here. During the first re volution of the grating, the cpu determines if the acquired spectral intensity exceeds full scale of the A/D converter (10 V in analogue voltage or 4095 in digital form) and decides whether the FET gain switch should be closed or opened.
The main routine loop includes the machine language subroutine and real-time processings such as integration, CRT display, printing on the high-speed printer, simple arithmetic cal culation, etc. The post processing program deals with complicated arithmetic calculations, figure drawing on the x-y recorder, list pre paration, etc., for which a relatively longer time is required than for the real-time data logging.
Other instruments used for this study are listed in Table 1 , together with their operating conditions. Hollow cathode lamps and CMP (capacitively coupled microwave plasma) were employed as the light source for the wave length calibration and the sample excitation, respectively.
The CMP was modified so as to introduce the sample aerosol through a hole drilled along the central axis of the aluminium discharge electrode [10] . An ultra sonic nebulizer (1.6 MHz)-desolvation system was constructed for the sample introduction. In order to allow efficient desolvation, a double Table  1 Experimental  apparatus  and  settings wall condenser was manufactured [11] . Reagents Standard stock solutions of 1000 mg/l were prepared from pure metals (>99.9%) or salts (chloride or nitrate of analytical grade) and the test solutions were made immediately be fore use. The acidity of all solutions was adjusted to 0.1 N with hydrochloric or nitric acid.
Results and Discussion
Full-order scanning with the rotating grating Thus, the least significant digit must be made more precise by counting di rectly more precise pulses from the synchro nizing disc. Sensitivity Figure 6 illustrates the dependence of the sensitivity or the peak magnitude of the signal on the angular velocity of the grating rotation.
The upper peaks are the sampling pulses and the lower the photocurrents. Each of the photocurrent peaks consists of those induced by the radiation of all different orders. As the light source, the Mn hollow cathode lamp was used. The traces were recorded in the following manner.
The power supply for the synchronization motor was switched off and the grating rotation slowed to stop. Dur ing the slowing period, the photocurrents and the sampling pulses were registered on the storage oscilloscope. The first peak corre sponds to that measured when the grating rotates at 30 r. p. m. The height of the fourth and last peaks almost equals that observed when the grating is at rest. The height of the first peak is ca. 50% of that of the ast peak.
Therefore, as far as the peak height is concerned, the loss due to the short time duty in the rapid scan is not so significant in this case. For weaker source intensity, how ever, it is expected that the loss is large. Integration
In addition to the problem described above, and averaging the photocurrents with respect to the grating rotation. Table 3 lists the r. s. d. in the integrated and averaged spectral intensity of the four lines for the different number of grating rotation. The Mn and Cu hollow cathode lamps were used as the light source. Every r. s. d. decreases as the number of the grating rotation increases. Figure 7 demonstrates the effect of the inte gration and averaging on the S/N ratio for the entire spectrum from 200 to 600 nm, ob tained with the Mn hollow cathode lamp as the light source. It is obvious that the S/N ratio increases as the number of integrations increases. In the multielement analysis with the con ventional slow scanning spectrometer, there is the difficult problem for a small sample size:the long scanning time makes it difficult to measure all of the lines of the elements to be analyzed during the sample consumption time. On the other hand, the rapid scanning spectrometer allows to scan the entire spectrum region with the sample size, at least support ing 2 sec, though the S/N ratio is low. The integration to improve the S/N ratio can be carried out arbitrarily until the full consump tion of the sample or allowed to stop at any integration time.
Some applications
By altering the computer program, the pro cessing mode can be optionally changed. As an example, These lines were selected because of a large difference in the upper level energy [13] . In this measurement, the background emission intensity is estimated as the mean value of those at wavelength in both sides 0.5 nm apart from the line of interest (Eq. 3). After the data acquisition of the spectral intensities, the calculation of the excitation temperature is made (Eq. 4). In the on-line and real-time mode, these processings are performed and give very useful clues for the diagnoses of plasma excitation sources and the associated interelement effects [14] . Figure 8 shows the example of the sub traction of background emission over the entire wavelength region from 210 to 550 nm. The CMP was used as the excitation source. In order to evaluate the performance in correct ing background emission, the sheath gas supply was intentionally stopped for the CMP to emit the intensive r-band spectrum of NO molecules which were produced by the diffusion of air into the plasma and the subsequent reaction between N2 and 02 molecules. As seen from Fig. 8 NO, OH and NH are fairly successfully cor rected. However, the S/N ratio is lower in the wavelength region where the background emission is strong.
This may be attributed to the fluctuation in the wavelength synchro nization. The more intensive becomes the background emission, the larger the magnitude of the erroneous signal. This can be also improved by making more precise the wave length synchronization.
Conclusion
The novel type of rapid scanning spectro meter constructed for this study was evaluated for the use in AES. The sine-bar and its driving mechanisms were remove and the grating was directly driven at 30 r. p. m. by the synchronous motor. The wavelength synchro nization was made by counting the pulses generated by the combination of the small tungsten lamp, the phototransistor and the aluminium disc with slots, which was attached to the shaft of the rotating grating. Owing to this design, the constructed spectrometer proved to have such an advantage that the entire spectra of all diffraction order from the zero to nth can be measured during one rota tion of the grating.
The Such a spectro meter, so to speak, a laser disc-synchronized rapid scanning spectrometer is currently under investigation.
Another problem is that the time duty per a unit wavelength is short for the rapid scan ning spectrometer.
The peak intensity loss is not so notable for the relatively intensive light source (ca. 50% shown in the result). However, the weaker the source intensity becomes, the more significant the loss will become. So, the absolute intensity of the excitation source is important.
A possible way to increase the time duty is to use sector back and forth motion of the aluminium synchronization disc, instead of the 360 degree rotation.
The motion can be used within the wavelength range of interest.
Up-down count ers can tell the wavelength.
In this synchro nization mode, however, real-time processing of the acquired data is hard because of the limited cpu speed.
